INTRODUCTION
The abundant distribution of cyclic AMP-independent protein kinases has generated growing interest in their function as controlling factors in cellular metabolism. Although these enzymes have been implicated in assembly of myosin into filaments, in actin-activated ATPase activity (Scholey et al., 1980; Adelstein & Eisenberg, 1980) , in insulin action (Kasuga et al., 1982) , in neoplastic transformation (Levinson et al., 1978; Collett et al., 1980) and in protein synthesis (Ochoa & de Haro, 1979) , the physiological role of these kinases is still obscure. A common feature of these enzymes is their preference for acidic proteins such as casein and phosvitin as substrates, but not for histones and protamines. Casein-phosphorylating enzymes have been isolated from cytosol and nuclei of many types of eukaryotic cells (Hathaway-& Traugh, 1982) , including a lower eukaryote such as Saccharomyces cerevisiae (Lerch et al., 1975; Rigobello et al., 1980 Rigobello et al., , 1982 . In order to understand the role of cyclic AMP-independent protein kinases in lower eukaryotes, we have purified and characterized such an enzyme from the pathogenic yeast Candida albicans.
containing 1 mM-fl-mercaptoethanol (buffer A), were vortex-mixed for 6 min with glass beads (0.45-0.5 mm diam.) and centrifuged at 3000 g for 5 min (Sorvall SS34 rotor) to remove whole cells and glass beads. The supernatant was collected and centrifuged at 14000 g for 40 min, and the supernatant obtained is termed 'crude extract'. All steps were carried out at 0-4 'C. The crude extract was applied on to a casein-Sepharose (Thornburg & Lindell, 1977) column (1.5 cm x 9 cm) previously equilibrated with buffer A. After the column was washed with 250 ml ofbuffer, the bound proteins were eluted with buffer A containing 0.5 M-KCI, in 2 ml fractions.
The fractions containing enzyme activity were pooled (approx. 60-70 ml total) and dialysed overnight (approx. 10 h) against buffer A and concentrated by ultrafiltration on an Amicon apparatus with a PM-20 filter. The concentrated sample was then applied on to a DEAEcellulose DE-52 column (2.5 cm x 6 cm), previously equilibrated with the same buffer. After the column was washed, the enzyme was eluted with a 100 ml linear gradient of 0-0.6 M-KCI in buffer A.
Enzyme assay
Protein kinase was assayed by the method of Datta et al. (1977) . In Fig. 1 , a single protein peak having enzyme activity was eluted. The active fractions from four such purifications were pooled and used for DEAE-cellulose DE-52 column chromatography. In the wash, a very minor protein peak without any enzyme activity appeared. The bound proteins were eluted as one major peak (0.2-0.3 M-KCl) and one minor peak (0.02 M-KCI), as shown in Fig. 2 . Interestingly, the same pattern was obtained when the crude extract without purification was chromatographed on DEAE-cellulose DE-52 (results not shown). The specific activity of the minor peak was very low, and therefore, for all further work, the major peak of enzyme activity was used. The specific activity of this enzyme was 38400 pmol of 32P transferred/min per mg of protein.
The enzyme was stable for at least 15 days at 0-4°C and was stable to dialysis, but was unstable to freezing and thawing. Furthermore, enzyme activity was competely lost on heating at 70°C for 10 min (Table 1) . Mr and subunit composition
The homogeneity of the protein kinase was determined by electrophresis under non-denaturing conditions, which showed a single protein band (Fig. 3a) . Polyacrylamide-gel electrophoresis in the presence of SDS revealed (Fig. 3b) . Individual protein fractions from the DEAE-cellulose DE-52 column having enzyme activity were used for both experiments, and each showed Fig. 1 legend.
Cyclic AMP-independent protein kinase from Candida of these on enzyme activity was determined. This protein kinase was insensitive to heparin up to a concentration of 40 /tg/ml (Fig. 4, inset) , and was markedly inhibited by both the polyamines, i.e. spermine and spermidine (Fig. 4) . Moreover, the effect of spermine was more pronounced than that of spermidine.
DISCUSSION
Casein kinases have been classified into two types, I and II (Hathaway & Traugh, 1982) . Kinase I is a monomer of Mr 37000, whereas kinase II is more complex (Mr 120000-180000) and has two or three subunits. Casein kinase I is eluted from DEAE-cellulose column at a univalent-cation concentration of 0.07-0.13 M, and kinase II at 0.15-0.22 M. In the present study, DEAEcellulose DE-52 column chromatography yields two peaks of enzyme activity (Fig. 2) . The minor peak was eluted at a lower KCl concentration, like kinase I. However, further characterization was not done, because of poor yield. The protein kinase (major peak) purified in the present study shows some properties similar to those of casein kinase II: for example, it is eluted from DEAE-cellulose DE-52 at 0.2-0.3 M-KCI and its Mr is 115000.
The quaternary structure of casein kinase II is reported to be aa'c32 in some systems (Meggio et al., 1981; Dahmus, 1981; Dahmus & Natzle, 1977; Hathaway & Traugh, 1979) and a2/?2 in others (Glover et al., 1983; Cochet & Chambaz, 1983) . The Mr of the ,3 subunit has been reported to be around 24000, whereas those ofcx and Vol. 234 a' subunits are 44000 and 35000 respectively. The Mr values of the subunits ofcasein kinase in the present work are 44000, 28500 and 26000. If these are taken to be a, a' and , subunits, the Mr values of a and , subunits are similar to those previously reported, whereas, the a' subunit has a much lower Mr. By scanning a Coomassie-Brilliant-Blue-stained gel, the molar ratio of the subunits was calculated to be 1.0: 2.8:0.8. This neither confirms to an a2/J2 nor to an =A'/2 structure.
Casein kinase II has been reported to be strongly inhibited by heparin at low concentrations (Yan & Tao, 1982; Rigobello et al., 1980) . However, in the present study, no such inhibition was observed at comparable or higher concentrations of heparin. Polyamines are known to stimulate casein kinase II (Maenpaa, 1977; Hara & Endo, 1982; Nakajo et al., 1984) , but the Candida Received 6 August 1985 /25 October 1985 accepted 8 November 1985 albicans protein kinase was markedly inhibited by polyamines, e.g. spermine and spermidine. A casein kinase isolated from wheat germ was also strongly inhibited by spermine. However, this casein kinase was slightly stimulated by low concentrations of spermidine (Yan & Tao, 1982) . All these results suggest that the Candida albicans protein kinase is different from other reported kinases.
Further work is needed to understand the role of this protein kinase and to identify its endogenous substrate.
